The use of electro thermal technologies based on microwave energy represents an important step in the development of new innovative solutions. The numerical modelling allows to study the influence of the high frequency electromagnetic and thermal field on the dielectric materials during the drying process before achieving practical installation. So, when is developed the experimental model will be already known some of the phenomena that characterize the system, being eliminated a number of unknown issues. This paper describes experiments conducted to gather data on production parameters in order to improve the stored corn seed quality. The interpretation and dissemination of results triggers the description of "recipes" for drying corn seeds. The described method is flexible and can be applied to near any agricultural seeds in further researches.
I. INTRODUCTION
The corn seeds storing represents an important question because the harvest is performed in different weather condition and their humidity is different from crop to crop. In order to preserve their quality, it is important to reduce their humidity to requested storage value through drying. There are various technologies used for the granular materials drying, such as: conventional drying, high frequency drying, vacuum drying, infrared drying, and various combinations of these technologies [1] . At present, the most complex microwave and radio frequency wave patterns that produce the inverse temperature gradient so if there is water inside the material, there is a moisture gradient, with its magnitude:
where u i is the moisture content inside the material, u he is the moisture content corresponding to the surrounding environment in accordance with the hygroscopic balance and s is the thickness of the material.
The conventional drying rate depends on the temperature, the relative humidity and the speed of air circulation. The problem is complicated by the condensation phenomenon. In the first phase of conventional drying, free water, which exists in the cell cavities, is removed and finally the saturation point of the fibres is reached. When the humidity is 25-30% (depending on the type of material), the saturation point is reached. Therefore, the cavities contain no water, but the fibres are saturated with water. When the moisture value has been reached at equilibrium, the second drying phase moves from the surface to the inside. The drying rate at this phase is a linear function of the square root of time that indicates the drying rate controlled by the heat transfer through the material.
The distinctive features of microwave drying consist in the fact that is created a movement of moisture produced by pressure, where water will be removed by hot air [2] . Internal evaporation can generate significant pressure depending on the strength of the solid material when transporting water or vapours. This current is a different diffusion mechanism; it does not depend on the humidity concentration, and therefore cannot be described by the diffusion equation. The resulting pressure stream becomes a mechanism for transporting internal moisture and heat [3] , resulting the drying.
Microwave energy affects the entire volume of the material, and due to the large differences in the dielectric loss tangent, it is absorbed mostly by the water. Because ε' and ε'' decrease with temperature, the heating process is stable. Absorption decreases as the temperature rises and the penetration depth increases [4] , so the water is removed from the layers of the seed core.
It is clear from the literature that hybrid drying is the most flexible and economical, although some research suggests that it is more convenient to use conventional drying, while others propose the application of the hybrid technology drying, which use microwaves and air stream [3] . There are also applications where the vacuum system has a real success [5] . An important study is about determining the maximum energy that should be applied to seeds to effectively remove free water without affecting the integrity of the grain. The research carried out has concerned on different drying and treatment methods of granular agricultural products by using microwave technology for different material samples. Starting from the results obtained in previous researches [6] , the solution presented in the paper proposes to analyze the possibility of drying processes using microwave systems with continuous feeding of granular material. Therefore, the microwave drying process proposed in the paper represents an important issue for future researches in the field, due to its advantages of improving the drying process efficiency and the quality of the seeds.
II. MATERIALS AND METHODS
Accordingly to von Hippel [7] , the dielectric properties of a material are defined by:
where: ε * -complex permittivity; ε' -dielectric constant; ε''-dielectric loss factor; ε 0 -permittivity of free space; jcomplex operator.
The dielectric properties are dependent upon the moisture content, temperature of the material and on the frequency of the field. The larger the loss factor, the more easily the material absorbs the incident microwave energy [2] . Both the dielectric constant and the loss factor increase with moisture content, but decrease with frequency. The dielectric properties of corn over a wide range of moisture contents (11.1 to 53.9%, dry basis) at 2.45 GHz have been determined by Nelson [4] . The dielectric properties of a material also affect the power attenuation of the electromagnetic waves as they penetrate the loss material. Penetration depth is defined as the distance from the surface of the material at which the power drops to 1/e (36.8%) from its value at the surface and is expressed by:
where, p d -penetration depth; λ 0 -free space wavelength; ε ' -dielectric constant; ε '' -dielectric loss factor.
The penetration depth increases with longer wavelength or, in other words, decreases with increasing frequency. The effect of temperature on the penetration depth of different foods has been studied [8] . They reported higher penetration depths at lower temperatures and frequencies, but this effect was less important at temperatures above 0C, than for frozen conditions [9] . Uniform distribution of the thermal field in the volume of material and precise control of power consumption are essential conditions to be met to process food. The microwave applicators are designed so that to meet these objectives, microwave technology [10] , being increasingly used in the food industry.
In the case of corn seeds, the irregular changing of the dielectric loss factor with temperature and moisture content makes the prediction of the penetration depth during the drying process a tedious task. In a seed bed with high moisture, water migrates from the region with high temperatures to areas with lower temperatures, leading to condensation in cold spots [8] .
The proposed presented solution with in the paper ( Fig. 1 ) implies the analysis of the complex problem of drying the corn using the hybrid method. This presume the exposure of corn seeds to microwave radiation in order to reduce the moisture content to the desired value through heating. In order to avoid the appearance of condensation to the surface of the seeds, which would lead to the uncontrolled increase of the temperature at surface, the installation is provided with an exhauster that ensures the evacuation of the water excess from the surface through the air stream. The temperature of the exposed seeds to high frequency electromagnetic field is monitored in real time by means of the temperature sensors, thus being controlled the time exposure to microwave of the processed corn seeds. The microwave energy supplied by the microwave generator is transferred to the grains upon heating thereof by means of the special design of the radiating antennas [11] . The microwave system was designed so as to allow the continuous processing of the granular products, their displacement in the microwave field being realized through a helical screw with blades which ensure also the homogenization of the thermal field. As follow the main constructive elements and their role in the microwave drying solution studied in the paper are presented.
The drive motor with it adjustable rotation speed, is coupled to the helical screw carrying the seeds in the microwave field. It is being used a frequency phase converter for infinitely variable speed with a constant mechanical drive motor torque. The grain supply system allows both the continuous granular material supply subjected to microwave drying and prevents the microwaves leakage to outside.
The technical solution adopted for preventing leakage of microwaves to the outside consists of a dosing device with four blades which rotate inside one cylinder. By rotating blades, one helical auger dispenser transfers the seeds and three block access to the outside of the microwave field. Rotating blades dispensers are provided by a gear motor speed control that provides a steady transfer of seeds inside auger conveyor screw.
To protect against leakage of microwaves in external fixation in the housing supply system was used a copper wire braid with cross-cutting dimensions of 3×30mm, arranged for the whole fixing area.
The microwave generator is designed to emit microwave energy at a frequency of 2.45 GHz, energy which is dissipated in seeds located inside the microwave applicator with screw conveyor, accomplishing heating.
The main constructive element of the source is the radiant type microwave horn antenna, which is coupling the microwave generator (magnetron). Microwave source contains all elements for producing microwave energy and radiation, respectively microwave generator (magnetron), fan, anode voltage transformer and filament, double voltage circuit (capacitor, high-voltage diode rectifiers).
The helical screw with blade rotated by an electric motor represents the constructive solution designed to move seeds in the microwave field, so as drying is accomplished. By moving the seeds in the microwave field occurs thermal dehydration, so that after drying, they will be within imposed humidity standards. The exhauster has the role to evacuate humidity formed in the enclosure through the air stream produced by the blower, guiding the air flow and heat/cold air source in the microwave dryer. The air is supplied by a fan and the temperature can be raised to the desired level if so by passing it through a heating coil, the temperature control being accomplished through the thermocouple.
Prolonged exposure to microwave radiation at an intensity greater than 10 W/m2 is a dangerous concern to the health of the users. To minimize radiation exposure to personnel working in the immediate vicinity of experimental plant, it's used perforated metal sheet through which the air jet enter in the facility. The leakage of radiation in the vicinity of equipment was constantly monitored with a leak microwave detector, in order to determine that the existing value does not exceeding safety standards.
Overall and constructive technical characteristics, the microwave drying system has the following specifications: Before and after each experiment, the weight of the sample was determined with a high precision digital scale. With the measurement devices are monitored the process parameters: the microwave power input, direct power, humidity, airflow exit, adaptation of the load impedance, the temperature of the air stream, which is set so as the temperature will not exceed 55°C ± 5% in the seed bed.
The temperature in the seed bed was determined using an optic thermometer for the seed bed. Humidity and air temperature at the output gap was determined by using the analyser Lutron YK-90HT. At the end of each experiment the stored samples of dry seeds are marked and preserved in paper bags and sent in a specialized laboratory to determine the percentage of germination.
The air supply and heat sink are turned on at least 3-5 minutes before starting the experiment to bring the system to a steady state. The temperature of the air entering the system is regulated with an accuracy of ± 0.5°C with a thermocouple. The air temperature measuring thermocouple was installed at a sufficient distance from the applicator and was protected with aluminium foil in order to avoid the induction interference that may occur in high-frequency electromagnetic field.
Thermocouples were tested for correct operation electromagnetic field by comparing the temperature read when microwave power was on and off. The readings were appropriate and validated. The relative humidity of the air at the input is not stable which causes the measurement accuracy to be in the range 5-15%.
III. NUMERICAL MODELING
The problem was initially numerically analysed, and the results obtained being used to set the optimum operating parameters for the corn seeds microwave drying system. For the numerical simulation a professional software was used, defining a Frequency -Transient type of Study. The electromagnetic field solutions are obtained by solving Maxwell's equations, in sinusoidal state. The source field on the port is supposed known as E t (transversal electric wave) component, the internal and external sources are imposed null and on the rest of the superconducting walls the E t =0. So as for the considered mathematical model, this will presume the solve of equation: (4) where was considered: μ r -the relative magnetic permeability; k -the wave factor; ε r -the relative electric permittivity; ζ is the electric conductivity (S/m); ω is the pulsation of sinusoidal quantities (s -1 ).
For the considered model, the input data are the applicators work frequency 2.45GHz, the dielectric's characteristics, the cavity excitation mode and the above boundary conditions. An important factor for the dielectric materials processed in microwave field is represented by the thermal field and its distribution in the considered sample. During numerical computation in order to analyze the electromagnetic and thermal field is considered Frequency Transient working mode.
A complicated water diffusion problem appears, by considering the inner evaporation, where a nonhomogeneous pressure field interferes due to the water vapours [2] . Also, in the drying processes, the fast occurrence of the vapours from the inside of the dielectric sample can cause its destruction. From this consideration the maximum temperature inside the seeds needs to be limited (below 65C). From this consideration the inner evaporation can be neglected, taking into account only the one of the surface of the granular material. The surface evaporation speed depends on the difference between the surface temperature of the seeds and the ambient temperature, with respect on air pressure, to the degree of saturation of vapours, on air flow in the proximity of the charge etc.
The thermal field problem is computed for the transient regime for the heating of the supposed sample placed in the applicator. The thermal field developed in the sample is represented by the heat source associated to Joule's effect [12] , [13] , with its both components the heating of the material (the first term), and the heat transfer by conduction (the second term).
where: pvolume power density (W/m3),  -density (kg/m3), C p -the specific heat (J/kg°C), Ttemperature (°C), thermal conductivity (W/m°C).
The imposed boundary condition for thermal field is:
where  is the thermal convection coefficient (W/m 2°C ) and T 0 is the temperature on the dielectric's boundary and in the air domain (°C).
In the boundary conditions for the thermal field problem we consider: as initial values T = T 0 (T 0 = 22°C that represents the temperature of the dielectric's boundary in the air domain). Thermal Insulation: 0 T) (-λ    n [11] .
The space discretization of equation (4) in performed by using finite element method, using the same mesh as in the electric problem where the computation domain was meshed by using tetrahedral network elements. It was assigned an extra fine mesh for the dielectric material, and for the rest of the geometry was defined a coarse mesh.
The geometry of the cavity was made, having the dimensions: 240×345×250mm. The helical screw was constructed with 3 cylinders and below was placed a block representing the seed bed. The walls of the cavity and waveguide were defined as Aluminium, its interior being defined by air with its properties: electric conductivity ζ=0 and μ r =ε r =1. The dielectric material is corn seeds (with 26% humidity), described by ε'=3.5, ε''=0.66 and tgδ=0.19. The thermal properties of the seeds are: =1300kg/m3, λ=0.17W/mK and C p =1.5 kJ/kgK [4] , [14] .
As input data were used different values of the power and time: microwave power of 25, 50, 75, 100, 125, 150 and 175 W for 300 s; microwave power of 20, 40, 60, 80, 100, 120 of a processing time of 600 s; and microwave power of 20, 30, 40, 50, 60, 70 W for 900 s. For each numerical simulation was noted the maximum value of the temperature measured in the whole volume of the dielectric material. The objective of the study was finding the most appropriate value of the microwave power and processing time in order to dry the mass of seeds without affecting its structure. Fig. 2 present the maximum value of the temperature measured in the whole volume of the dielectric material for each of the above cases of microwave power. When using the processing time of 300 s with microwave power ranging from 25 to 175 W the maximum value of the temperature measured in the whole volume of the dielectric material showed values from 44°C (for 25 W) to 135°C (when using 175 W).
Analysing the values presented in Fig. 2 , the most suitable value of the microwave power when using a processing time of 300 s was around 75 W -100 W. In the case of using a processing time of 600 s next conclusions are being presented (Fig. 2) :
 A microwave power of 20 and 40 W is too low for drying seeds, maximum value of the temperature measured in the whole volume of the dielectric material showed values of 42.97°C, respectively 63.16°C;
 A microwave power of 80, 100 and 120 W is too high for drying seeds, maximum value of the temperature measured in the whole volume of the dielectric material showed values of 106.32°C, 127.9°C respectively 149.48°C;
 The most suitable value of the microwave power considering keeping the quality of the seeds and decreasing humidity is 60W, the maximum value of the temperature measured in the whole volume of the dielectric material reaching 84.74°C.
When using a processing time of 900s the maximum value of the temperature measured in the whole volume of the dielectric material showed the best values for a microwave power of 50W -79.1°C. For values of the microwave power of 60 W and 70 W the temperature was 93.86°C and 123.41°C (Fig. 2) .
The numerical results obtained from the simulation of the drying process, allowed to know the electromagnetic and thermal field parameters from the microwave drying equipment. Starting from the obtained values it was sought to adapt the operation parameters of the installation, thus validating the theoretical model.
IV. EXPERIMENTAL DATA
The purpose of these experiments was to find optimal conditions based on influence of that heating in a microwave field hot / cold air has on maize seeds with high humidity.
Were analysed various parameters (temperature, humidity, power) in the drying maize seeds with high humidity using a mixed process microwave / hot air. Considering the conclusions presented in the numerical simulations the effects of microwaves on drying characteristics were studied in the following cases [13] : by using a variable power microwaves with cold/hot air and by using a constant microwave power without airflow.
Samples were performed on untreated maize corn variety Turda super (semi early variety), which is a common maize. To see and study the influence that microwaves have on seeds treated in a microwave field in the two cases above, the grains of maize were germinated and it was observed the daily evolution of the germination process.
The aim is to determine what conditions of temperature, humidity and power are favorable for germination of maize seeds treated in a microwave field. To determine the percentage of moisture removed from the seeds (STAS 10349/1-87) bed using weight of the sample before drying m i and after drying m u :
Experimental data were conducted on corn, the variety Turda Super (semi early variety) by using microwave power or mixed methods microwave power/jet of cold air. The purpose is to see what happens to the temperature and humidity seed bed where constant power use of about 1.25W/g. Measurements were performed every 30 to 30 seconds without closing down operations and they required continuous monitoring of the power generated to not reach an excessive temperature in the seed bed. During the experiments the reflected power was kept to 0. 1) For the first sample were used mixed methodsmicrowave power / jet of cold air, by using a weight of 127.2 kg initial corn. After drying in a microwave field for 15 minutes to obtain a final weight of 114.07 kg of maize with a moisture proper for storage, only 13.13 kg standing out of water evaporated from the seed bed. Moisture removed from the seed bed is only U = 11.51%. It was obtained a small amount of water released since it was used jet of cold air and thus less water was removed. At first, was applied a microwave power of 2.5 W/g than decreasing it to 1 W/g and furthermore, from minute 3 to a rather small power 0.50W/g-0.10W/g (see Fig. 3 ). Germination for this sample has a value of 75% whereas for the control sample was 92%.
2) For the second sample it was used the same amount of corn seeds, as described above, but it was applied microwave power with hot air in the first 4 minutes, then cool shot was used until the end of the test period (see Fig. 4 ).
The initial mass was 127.2 kg of wet corn after drying for obtaining 112.94 g dried corn seeds in 15 minutes. There is a considerable difference in weight, 14.26 kg of water evaporated, humidity eliminated from the seed bed is U = 12.62%. It was obtained this small amount of moisture removed from the seed bed because there were used low levels of power: starting with 1.3W/g -1.0W/ g decreasing to 0.1W/g. In this case, was obtained an 80% germination rate. The first two samples stand a good plant development.
3) A new experiment was performed on the same amount of corn seeds, but only using microwave power. Note that after drying for 15 minutes, there was a difference between the initial and final weight of only 7.16 kg of water evaporated from the seed bed. Seeing a film of water on the surface of the seed bed, a phenomenon explained by the fact that there was used only the microwave power without airflow and thus condense occurred. Moisture removed from the seed bed is U = 5.96%. Variation in temperature is very high in the first minute of 83.6°C -94°Capplied due to high power 2.0 W/g (see Fig. 5 ). Note that at a power of 0.1 W/g appears quite high humidity fluctuation in corn seed bed. Germination rate for this sample is G = 25%, seeds that germinated are developing normally. 4) For this samples it was used only the microwave power without air flow. Because it was used only the microwave power, without airflow to eliminate vapours from bed, was noticed a film of water on the surface of the seed bed. During the test period, the output air temperature and the temperature in the seed bed have steady growth. It was used a constant power of 0.20W/g/15 minutes, with an initial weight of 105.42 kg of wet corn and a final weight of 102.87 kg of dry corn. Was noticed little difference between the initial and final mass, 2.55 kg of water evaporated from the seeds bed, humidity eliminated from the seeds bed is U=2.47%. Notice that, when using a power of 0.20W/g in the seed bed, the temperature increases from 21°C to 63°C value (see Fig. 6 ). Because these seeds have a higher moisture percentage, more energy is absorbed. Germination rate in this case is G = 70%, a good development of seeds. From the experimental data using only the microwave power, this sample shows the highest rate of germination. This can be explained by the fact that when using a low power, constant 0.2W / g / 15 minutes in the seed bed the temperature did not exceed the amount of 63°C. Germination rate of the 5 samples of corn is shown in Fig. 7 . 
V. CONCLUSIONS
The experimental results presented the process of drying corn seeds using a variable and constant mode microwave power generation. High levels of power should be used as long as the drying speed is high enough. Then power should be applied by lower values for the remainder of drying. By changing the power, density value of 0.75W/g -0.50 W/g to 0.25 W/g increases drying time and thus yields a higher energy required to operate in an alternating mode. This study focused on fundamental aspects of research on the microwave drying of maize seed. Based on the results of studies were reached the following conclusions:
1) The applicator has been used successfully to couple microwave energy to the seed bed, the following parameters were monitored during drying: the microwave power, the temperature in the seed bed, the temperature and humidity of the air leaving the outlet of the laboratory installation.
2) On drying of corn seeds for a microwave power density generated by 2.5W/g -0.1W/g was obtained a more than 92% germination.
3) Drying time can be substantially reduced by using high values of microwave power absorbed by seeds, but there are detrimental effects on the product quality. Because large temperature and humidity variations adversely affect quality of seeds treated in a microwave field, it is important to continue monitoring the generated power to avoid high temperatures in the seed bed.
Analyzing the obtained results, both by numerical modeling and especially by experimental measurements we can say that the use of the microwave field for drying the corn seeds is useful for reduction of drying time and increasing the quality of the seeds as long as that the maximum permissible values of the drying temperature are not exceeded.
